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Figure 1. A diagram of a karst system with sinkholes, fractures, caves, and springs. The illustration 

represents the direct connection between the aquifer and land surface, resulting high water yields, and 

high potential for surface contamination to enter the source aquifer (Hallberg, 1982). 

INTRODUCTION 

The primary source of drinking water for the 

city of Cedar Falls is the limestone and dolomite 

of the Silurian-Devonian aquifer. The city of 

Cedar Falls currently uses eight wells to provide 

drinking water for the community. The Silurian-

Devonian aquifer is the first bedrock unit 

encountered in the region, and bedrock depth 

in the region is highly variable. Depending on 

the area, the Silurian-Devonian aquifer can be 

within a few feet of the land surface or buried 

under over 100 feet of glacial till.  

The Silurian-Devonian aquifer has undergone 

extensive erosion and weathering from flowing 

water and past glaciation events. This erosion 

and weathering has fractured the underlying 

shallow bedrock, forming large open channels 

where water can move through very quickly. 

Geologists call these types of geologic features 

ΨƪŀǊǎǘΩ ǘŜǊǊŀƛƴΦ YŀǊǎǘ Ŏŀƴ ōŜ ǎŜŜƴ ƻƴ ǘƘŜ ƭŀƴŘ 

surface as sinkholes, cave openings, and low-

lying wet areas on a flat land surface (Figure 1). 

Although the karsted Silurian-Devonian 

limestone near Cedar Falls is an excellent, high 

yielding source of water, certain issues arise 

when water moves through the subsurface so 

quickly. Because of the fast moving water, wells 

open in karst systems have water quality 

concerns usually found in surface water (Figure 

1; Figure 2). In Iowa, the most prominent water 

quality issue in karst is contamination from non-

point sources such as fertilizer and septic 

systems. Cedar Falls has relatively high nitrate-

N concentrations in three out of the eight wells. 

SOURCE WATER PROTECTION 

Source Water Protection is an established 

method for a city or community to take action 

in protecting their source of drinking water 
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before there are water quantity or quality 

issues. These preventative measures can help 

save a community money and result in naturally 

safe, non-treated drinking water. To be 

successful in Source Water Protection, a 

community must: 1) know where their drinking 

water is coming from (i.e., source water area), 

2) have an inventory of all potential 

contaminant sources and pathways, and 3) 

proactively address issues of concern to the 

community. The Iowa Source Water Protection 

program is a U. S. Environmental Protection 

Agency funded program designed to implement 

all of the previous steps in community water 

supplies. This program is federally funded and 

provides targeted assistance to many Iowa 

communities. 

Through the Source Water Protection program, 

the Iowa Department of Natural Resources has 

ŎƻƳǇƭŜǘŜŘ ŀ άtƘŀǎŜ мέ {ƻǳǊŎŜ ²ŀǘŜǊ 

Assessment for Cedar Falls (IDNR, 2009). The 

Phase I Assessment details the active wells, 

source aquifer, and potential contaminant 

sources to that community. Phase I assessments 

have been completed for all community water 

supplies in Iowa.  

Due to the fact that typical modeling software 

does not work for karst systems such as Cedar 

Falls, default 1-mile radius circles were 

delineated around each active well. The entire 

source water capture zone was considered to 

ōŜ ΨƘƛƎƘƭȅ ǎǳǎŎŜǇǘƛōƭŜΩ ǘƻ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ŦǊom 

the surface due to an estimation of less than 25 

ft. of cumulative confining layer such as till, 

clay, and shale between the source water 

aquifer and land surface. 

This report details the scientific work completed 

by the Iowa Department of Natural Resources-

Iowa Geological and Water Survey, and 

delineates the priority conservation zones for 

the Cedar Falls source water protection area. 

These specific areas are to be used as 

management tools for the City to focus best 

management practices to protect the quality of 

groundwater and reduce nitrate 

concentrations. These areas have very limited 

confining layers between the source aquifer and 

land surface, and are estimated to have water 

contribute to at least one city well.  

BACKGROUND 

The city of Cedar Falls provides an average 4.1 

million gallons of water per day from eight 

highly productive wells located in the Silurian-

Devonian aquifer. Cedar Falls wells range in 

depth from 145 ft. to 275 ft. below land surface, 

and all penetrate and are open in the bedrock.  

Certain wells only penetrate the upper 

Devonian units, and other wells penetrate 

through the Devonian into the Silurian aquifer. 

Due to the highly fractured nature of the 

dolomite and limestone in this region, for this 

report the aquifer is considered one 

hydrogeologic unit.  

Water chemistry is highly variable between the 

Cedar Falls wells. Higher nitrate concentrations 

have been recorded in wells 3, 5, 9, and 10 

(Figure 2). Nitrates in wells 6, 7, 8, and 11 are 

either non-detectable or significantly below the 

EPA's maximum contamination level of 10 parts 

per million (ppm) nitrate-N. The changes in 

water chemistry reflect the different sources 

and vulnerability of the aquifer in different 

source water areas for each of the wells. 

Changes in nitrate-N concentration through the 

last 50 years are indicative of most Iowa surface 

water bodies, alluvium, and upper bedrock 

aquifers.  

 



3 

 

Figure 2. Time series of nitrate-N results in milligrams per liter, or parts per million (ppm) in Cedar Falls eight 

active wells. Wells 6, 7, and 8 all consistently measure below detection limit. Wells 3 and 11 measure from 2-5 

ppm. Wells 3, 9, and 10 consistently measure above 6 ppm, and have been measured close to the 10 ppm 

maximum contaminant level set by the U.S. Environmental Protection Agency. 

Although the Source Water Phase I assessment 

broadly categorized the Cedar Falls Source 

Water area as being 'Highly Susceptible,Ω (i.e., < 

25 ft. of confining layers), confining layer 

thickness between the aquifer and land surface 

is highly variable in the area, with wells 3, 6, 7, 

8, and 11 having between 60-100 ft. of total 

confining layers, and wells 5, 9, and 10 having 

less than 25 ft. of total confining layer thickness. 

The variation in well nitrates and spatial area of 

confining layer thickness provides an 

opportunity to further refine and focus the 

Source Water Protection area to a more 

manageable size and scope for the community.  

Due to the high nitrates noted in the drinking 

water, relative vulnerability of many of the 

wells, opportunity in refinement of the source 

water area, and enthusiasm of the community 

for completing a source water planning process, 

the city of Cedar Falls was chosen by the Source 

Water Protection Program for a groundwater 

investigation. The groundwater investigation is 

designed to provide the city of Cedar Falls with 

a more manageable area than the areas 

delineated in the initial Source Water 

Assessment. This investigation is also meant to 

establish guidance for other communities like 

Cedar Falls that have source water from karst or 

have similar groundwater source location 

issues. 

The purpose of this investigation is to identify 

the source of the nitrate concerns and address 

the most vulnerable areas that contribute water 

to the city wells, along with potential sources of 
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contamination for the city of Cedar Falls.  These 

high vulnerability areas are where best 

management practices will be identified and an 

implementation strategy will be developed and 

included in the Source Water Protection Phase 

II Plan. The plan will be updated as practices are 

implemented and environmental impacts will 

be recorded over time.  

SCOPE OF WORK 

 The groundwater investigation will evaluate: 

¶ The surrounding groundwater elevation and 
movement of the Silurian-Devonian aquifer 
through statistics on Iowa DNR database 
information, and interpolation from existing 
datasets.  
¶ Comparison of derived water level with a 

previously published local groundwater 
elevation map compiled by the U.S. 
Geological Survey. 
¶ Quaternary (i.e. surficial) material type 

above the Silurian-Devonian aquifer 
through NRCS soils and IDNR geologic 
records. 
¶ The bedrock surface elevation in the Cedar 

Falls area from properly locating existing 
wells with lithologic information. 
¶ Comparing groundwater composition 

through water chemistry of nitrate, tritium 
levels, and isotope analysis of nitrogen and 
oxygen. 
¶ Bedrock elevation and fracture delineation 

through electrical resistivity geophysical 
imaging. 

 
The results from the above investigations were 
compiled to produce a groundwater 
vulnerability map presented at the end of this 
report. The groundwater vulnerability map 
details the areas where land use changes will 
have the most direct impact on water quality 
measured in the active wells, and where most 
future Source Water Protection work should 
take place. 

 

GEOLOGIC SETTING 

The City of Cedar Falls lies on the heart of the 

Iowa Erosion Surface landform region (Figure 3, 

Prior, 1991), and overlies the Silurian-Devonian 

bedrock aquifer (Prior and others, 2003). The 

Cedar Falls area north of the Cedar River is 

dominated by shallow bedrock overlain by 

alluvial sand and gravel. The southern Cedar 

Falls area lies on the Iowan Erosion Surface 

landscape which is underlain by much older 

glacial tills which are mantled by a veneer of 

oxidized colluvial (loamy sediments) and 

Wisconsin-age eolian materials (loess and blow 

sand) all which overlie bedrock. 

These two contrasting settings have a major 

impact on the susceptibility of the Silurian-

Devonian aquifer used for the city of Cedar Falls 

drinking water supply. In the northern region, 

characterized by shallow bedrock, thin glacial 

till cover and thick alluvial and colluvial 

packages, high nitrates and low confining layer 

thicknesses have been an issue for the 

community water supply. While in the southern 

region the thicker underlying glacial till protects 

the aquifer from nitrate impacts. 

Regionally, the Silurian-Devonian units dip to 

the south, as does the basal Maquoketa shale 

confining unit. Bedrock has been eroded away 

in recent history by the Cedar River and various 

current and ancestral surface water tributaries. 

North of the Cedar River the Silurian-Devonian 

bedrock are overlain by a thick alluvial package 

of sand and gravel, with some areas having 

bedrock exposed at or near the surface (Figure 

3). The ground surface elevation in the region 

varies by over 100 ft., with high land surface 

elevation also located in the southern area of 

Cedar Falls, and the lowest surface elevation 

measured near the river at the northern 

section. These changes in elevation in both the 
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Figure 3. Map indicating the surficial geologic materials in the Cedar Falls Source Water Area. The region is 

dominated by weathered glacial till to the south of the Cedar River, and thick alluvial and eolian (windblown) 

deposits to the north of the current river channel. 

ground surface and bedrock are usually the 

result of stream channelization and are near 

surface water bodies.  

In this study, bedrock topography was mapped 

locally through the acquisition of field 

geophysical resistivity data to the north of 

Cedar Falls wells 9 and 10 (Figure 4; Figure 5), 

and regionally through the acquisition of 

lithologic records from GeoSam and Private 

Well Tracking System (PWTS) databases.  

Electrical resistivity geophysical survey locations 

were chosen for areas with little current well 

record data, little city infrastructure, and near 

wells 9 and 10 as both have relatively high 

nitrate concentrations. The Cedar Falls City 

9ƴƎƛƴŜŜǊΩǎ hŦŦƛŎŜ ŀƴŘ ƴŜŀǊōȅ ƭŀƴŘ ƻǿƴŜǊǎ ǿŜǊŜ 

contacted and permission was granted for four 

transect locations: a one mile west-east section 

along Fitkin Road between Ford Road and 

Center Street, a ¼-mile north-south section 
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Figure 4. Map showing the electrical resistivity depth sections with inferred bedrock surface elevations north of 

well 9 and 10. Resistivity measurements are shown in Ohm-meters, with higher resistivity in the brown and 

white color spectrum and lower resistivity in the green and light blue spectrum 

along Center Street between Fitkin Road and 

West Dunkerton, a ¼-mile west-east section 

along West Dunkerton Road, and a ¼-mile west-

east section opposite Center Street from West 

Dunkerton. 

An Advanced Geosciences Inc. (AGI) SuperSting 

R8/IP earth resistivity (ER) system was utilized 

to conduct the geophysical survey.  The field 

measurement of ER was obtained by injecting a 

known direct current via transmitter electrodes 

and measuring the voltage differences between 

receiver electrodes.  An array of 56 stainless 

steel electrodes were planted on the ground 

surface at 6-meter spacing, and connected via 

electrode cables to a multi-channel resistivity/IP 

meter.  Measurements were collected in dipole-

dipole configuration, and then processed using 

AGI EarthImager 2D inversion software.  

Measurements were then compared with local 

geologic records (strip logs, drillerǎΩ logs, etc.) to 

best interpret the raw ER data. 

Earth resistivity measurements suggest that 

bedrock elevation is highly variable locally, and 

is nearer to the surface than previously thought 

to the north of wells 9 and 10. Previous studies 

(Witzke, et al., 2010), had an extensive bedrock 

valley located in this region that was upwards of 

200 ft. deep, with extensive sand and gravel fill 

above. Results from this study indicate that 

bedrock is as shallow as 50-60 ft. deep in the 

Fitkin Road area, with the exception of an area 

west of Fitkin Road near Ford Road, where 

bedrock dropped below the ER detection limit 

of 232 ft.  
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Figure 5. Map indicating the bedrock topography, study area, lithologic wells, and geophysical resistivity lines 

used to determine bedrock topography in the study region. In the study region, the surface unit of bedrock is 

the Cedar Valley Formation of the Devonian System. 

Resistivity measurements also suggest that 

bedrock is highly fractured in the area north of 

wells 9 and 10. The discontinuous nature of the 

inferred higher resistivity bedrock surface, 

which is cross-cut in numerous areas by lower 

resistivity zones, suggests the presence of 

fractures and karst features in the subsurface 

along all four transects (Figure 4). These 

fractures can move water very quickly through 

great distances.  

For regional bedrock elevation, in addition to 

resistivity measurements, lithologic well records 

from GeoSam and PWTS databases were re-

located, and bedrock depth was recorded for 

277 local wells in the study region (Appendix A). 

Soil maps from the Natural Resources 

Conservation Service (NRCS) were also used to 

denote areas where bedrock is within 50 ft. of 

the ground surface. Figure 5 shows the study 

area bedrock elevation and supporting data 
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locations. Geophysical, well record, and soils 

data, along with surface topography were 

compiled together to form the bedrock 

topographic map (Figure 5). Bedrock elevation 

in the study area can be as low as 734 ft., and as 

high as 894 ft., with an elevation change of over 

160 ft. Bedrock topography generally mimics 

surface topography, and the deepest bedrock 

units are located in the surface lows of the 

Cedar River. Bedrock is noted close to the 

surface (<50 ft.) in a few locations, including 

around well 5 near Dry Run Creek, to the north 

of well 3 near the Cedar River alluvium, and 

near the Waterloo International Airport. These 

bedrock highs mark areas where the aquifer is 

only slightly protected, if at all, from surface 

pollutants.  These bedrock high areas are 

marked as highly vulnerable areas. 

CONFINING LAYERS 

Confining layer thickness determines the 

vertical travel time of groundwater through the 

subsurface to the aquifer. In Iowa, confining 

layers are typically composed of shale, clay, and 

glacial till. Extensive research has indicated that 

thickness of confining layers such as till, clay, 

and shale between the aquifer and the land 

surface provide a good estimation to determine 

susceptibility to surface contamination from 

both point and nonpoint sources (Canter, 1997). 

Aquifers overlain by thicker confining beds are 

less susceptible to surface contamination than 

aquifers overlain by thinner confining beds.  

Confining layer thickness was estimated in the 

Cedar Falls area using two different methods. 

The first method was through using information 

from drillersΩ logs, and geologic strip logs to 

aggregate lithology into confining layer types. 

Drillers typically note the type and thickness of 

the subsurface layers that they are drilling 

through on a well record sheet.  Often drill chip 

samples are sent in at five-foot increments and 

studied by a geologist. Additionally, soils 

information from the NRCS denotes the 

percentage of near surface sand in the soil. If 

the surficial Quaternary package is thin, or 

contains alluvial deposits such as sand and 

gravel, this is a good indicator of limited 

confining layers located above the bedrock.  

Figure 6 indicates the soil and lithologic 

coverages where it has been determined that 

natural confining layers are inferred to be thin 

or absent, and thus allow the easy access of 

surface contaminants to enter the Silurian-

Devonian aquifer. Areas highlighted in red are 

believed to have less than 25 ft. of total 

confining layer separating the land surface from 

the aquifer. These areas are believed to be of 

highest priority when protecting the Silurian-

Devonian aquifer from surface pollution such as 

leaking underground gas storage tanks or non-

point source pollution such as nitrate 

contamination. 

GROUNDWATER FLOW AND DIRECTION 

Due to the karst conditions in the area, the 

Silurian-Devonian aquifer is very productive, 

with wells easily producing 1-3,000 gallons per 

minute with little or no drawdown in water 

levels in the well. The high production in the 

area also indicates a fast travel time for 

groundwater under pumping conditions. With 

ǎǳŎƘ Ŧŀǎǘ ƎǊƻǳƴŘǿŀǘŜǊ ƳƻǾŜƳŜƴǘΣ ƛǘΩǎ 

important that groundwater flow direction is 

properly mapped for an accurate assessment of 

the source water area.  
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Figure 6. Map indicating the estimated confining layer (shale, till, clay) separating the land surface from the 

Silurian-Devonian bedrock aquifer. Confining layer thickness was estimated using geologic records, soils 

coverages, and bedrock elevation mapping. 

Two previous studies have mapped 

groundwater elevation and direction in the 

Silurian-Devonian aquifer in the region: Horick, 

1984 and Turco 2002. Horick, 1984 released a 

statewide regional map of the Silurian-Devonian 

aquifer throughout Iowa. Various properties of 

the Silurian-Devonian aquifer were mapped, 

including estimated yield potential, geologic 

formations, aquifer thickness, and 

potentiometric (i.e., groundwater elevation) 

surface. Horick used a total of 175 wells located 

throughout the eastern portion of the state to 

derive water levels in the Silurian-Devonian. 

Using values from these selected wells and a 

hydrogeologic understanding of groundwater 

movement near rivers, Horick produced a 

statewide groundwater elevation map of 50 ft. 

contours in the aquifer. Due to the low amount 

of data taken in the Cedar Falls region for 

IƻǊƛŎƪΩǎ ǎǘǳŘȅΣ ǘƘŜ мфуп ǊŜǇƻǊǘ ǿŀǎ ƴƻǘ 


